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UNUNITED FRACTURES OF THE MANDIBLE ; 
THEIR INCIDENCE, CAUSATION, AND TREATMENT. * 

BY PERCIVAL P. COLE, LONDON. 

THE relative incidence of ununited fracture of the mandible as compared with other bones 
is difficult to assess, because, so far as 1 am aware, no published figures are available. 
Prom my own experience, in general military as well as in jaw surgery, 1 should conclude 
that non-union occurred more frcqucntly in the lower jaw than in any bone of the 
extremities. Several factors determine the occurrence of this higher incidence : a 
corresponding degree of destruction in the case of the extremities would frequently lead 
to amputation ; approximation with such loss of tissue as would give a good result in the 
case of a limb would result, in the jaw, in such deformity and hopeless loss of function 
as to render this procedure impracticable ; the superficial area5 of the fractured surfaces 
are, particularly in some situations, small as compared with that of the humerus, 
femur, or tibia. 

The discussion of methods adopted in the ordinary routine treatment of fractures of 
the mandible is outside the scope of this contribution. This point is to be emphasized, in 
that Our procedure is in important respects a t  variance with that advocated and practised 
by accredited authorities, both in this country and abroad. To define Our aims is, however, 
not only relevant but necessary, because their validity is intimately associated with the 
question of non-union. There cxist two schools whose views on this subject are widely 
divergent. The one maintains that bony union is of paramount importance; that correct 
alinement is incompatible with union in cases associated with loss of substance ; and that 
therefore deformity of varying degree must not only be tolerated, but deliberately 
produced, to the end that bony union may be obtained. The other school is equally alive 
to the importance of bony union ; it holds, however, that correct alinement should be 
determined in every case, and strongly deprecates the passive acceptance of a doctrine of 
deformity as theoretically unsound and practically unnecessary. 

It is to be noted that this divergence of views is confined to the type of fracture associ- 
ated with what is indefinitely called ‘moderate loss of substance.’ No difference of opinion 
exists with regard to fractures unassociated with loss of substance, for apart from details 
in the mode of treatment the question of the ultiinate aim obviously does not arise. 
This is equally true in the case of fractures associated with such great loss that any atteinpt 
a t  approximation is impossible or would lcad to hopeless loss of function and extreme 
disfigurement. 

The fundamental principle that shapes the procedure of what may be terined the 
‘ ideal ’ school is the restoration of the normal arch and the maintenance of accuretc 
occlusion. It is on these lines that O u r  cases have been treated at  the King George 
Hospital. Stress of work has a t  times forced us to adopt temporary expedients, with 
unavoidable lapse €rom planned perfection. Apart from these failures, negligible both in 
number and degree, every patient discharged has been sent out with a normal arch and 
normal occlusion. The figures now brought forward have been arrived at by a careful 
survey of cases treated by Mr. C. H. Bubb and myself a t  the King George Hospital. The 
numbers are exclusive of cases sent to us for plastic repair and of those traiisferred to IJS 

from other sources with residual non-union. In a word, they are patients who have come 
under Our care imniediately or soon after the infliction of tlieir injury. 

- 

* Hiinterian Lecture delivered before the Royal College of Surgeons on Feb. 8, 1918. 
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We have thus dealt with 270 cases. 'I'lie total of ununitcd fractures nuiribers 30, or 
approximatcly 11 per cent. Of the 30 cases, the possibility of union in 12 was absolutely 
liopeless, judged by no matier how exacting a standard. The resulting exclusive figure is 
therefore approximately 7 per cent. I niaintain that these figures, apart froin tlie means 
a t  oui disposai for the rectification of non-union, are ample rindication of ' ideal ' ainis. 
Our adherence to  these aims has been made known on sereral previous occasions. 
Reasons for this attitude will be indicated in considcring the causes of non-un on. 

In  considering causation, the constitutional factor, and the prescnce of undue niobility, 
may witli propriety be eliminated. 

1. Primary loss of substance. 
2. Secondary loss of substance due to  necrosis. 
3. Interposition of muscle, fascia, or other connective tissue. 
4. Presence of a central seqiiestriini. 

Non-union is tlien (lue to :- 

This is a rare cause of non-union. There niay 
be no other indication suggcsting the presence of a sequestrum. It has occurred twicc in 
our series. In  one case non-union persisted; in the otlier apparently firni union gave 
way wlien subjected t o  normal stress. 

The rcsults produced by one or other of the first three causes arc (1) fibrous union, 
(2) pseudo-arthrosis. Pseudo-arthrosis cntails bony contact, witli the formation of a triie 
false joint, with surrounding adventitious capsule. 1 have only once seen anytliing 
approaching this condition, and for practical purposes it may be ignored. 

Consideration may reasonably, then, be confined to  the causation and nature of fibrous 
union. I n  comparing the repair of bone with that of other specialized connective tissues, 
one striking fact emerges. Bone differs from al1 otlier connective tissues in this important 
respect, that solution of its continuity is niade good by the formation of a cementing 
substance which exactly reproduces its own structure. In  the case of other tissues, 
irrespective of their nature, the bond of union is fibrous tissue. It is here maintained tha t  
the converse holds true-that the presence of fibrous tissue is clear evidence that the 
reparative process has beeu determined as a result of tlie reaction to  injury of tissues other 
than bone. We are not here concerned wit.h extraordinary examplcs of metaplasia, but 
with the ordinary routine phenomena that occiir in the repair of connective tissue. 

Vicwed in this light, the name ' fibrous union,' as referring to bone, is a gross misnomer. 
It is a name given to  a condition in which union of bone lias been prevented by the inter- 
position of the reparative products of surroiinding extraneous connective tissues, or of 
these tissues themselves. As will be shown later, periosteum itseiî is included in those 
tissues the interposition of which constitutes the factor preventing union. It will be 
corroborative and advantageous to  examine this view in the light of clinical and experi- 
mental data relating to  the behavioiir of fractures under varying conditions. The only 
established limit to  the growth of bone is that  which is determined by the satisfaction of 
functional demands. Bone will be laid down until equilibriiim is established between 
functional liabilities and assets. This potential power of repair by growtli lias long been 
recognized. It has foirnd expression in many ways, among whicli may be mentioned " tlie 
crystallization of the lines of force," in tlie pjcturesque phraseology of Sir Arbuthnot 
Lane, or the law of adaptation to  function, as laid down by Wolff and Roux. 

It may then be safely assumed that in the ordinary healtliy indiYidual bone possesses 
sufficient regcnerative power to  make good any defect caused by injury, provided that the 
conditions are sucli as to  give the best possible cffect to  factors which favoiir the process 
of regeneration. Thcse are considered to  be :- 

1. Prerention of interposition. 
2 .  Restoration or preservation of that stress whicii is the normal stimulus to the 

growth of bone. 
It is contended that the determination of bony union depends upon these factors, 

and that the successful treatment of non-union is only attained by measlires designed t o  
ensure their effective application. 

A review of the fate of fractures associated or not with loss of substance will serve t o  
deterniine the truth or othenvise of this contention. In  the case of the ordinary fracture 
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withoiit loss of Substance and with little or no displacement, both conditions are determined 
by the contact of the bony fragments, and this without regard t o  the rôle of the periosteal 
sheath. Should, however, 
lateral dispiacement occur so that the ends of the fragments overlap, union or otherwise 
will depend on the conduct of the periosteum. If this strips readily, the displacement will 
take place within an intact periosteal sleeve or bridge, and union will occur with consider- 
able deformity. Should, however, the periosteiim be denseiy adherent to  one or other 
fragment, it  will tear instead of strip, and so accompany that fragment in its excursion 
to  the position of displacement. I n  this situation i t  will-together perhaps with any 
muscle fibres attached to  it-become an interposing agent, and thus prevent union. This 
interposing action of the periosteum is in full accord with the rôle assigned to  it by 
Macewen, and later confirmed by Hey Groves, as being essentially a limiting membrane 
to  bone. 

Siich interposition is of particular importance in that it accounts for the occurrence 
of many cases of non-union of fractures of the mandible without any, or with but little, 
loss of substance. The facts as 
here cited have been verified by 
direct inspection of cases treated 
for non - union by operative 
measures. A large proportion 
of cases of non-union occiir in 
the neighbourhood of the angle, 
inimediately in front of the 
attachment of the masseter, the 
facial vessels being in intimate 

ment is always much more 
difficult to  expose and ciear than is the anterior. This is partly due t o  the presence of 
the masseter, and partiy to  the greater depth of the fragment ; but also to  the fact that 
whereas the periosteum on the anterior fragment strips easily, that  on the posterior frag- 
ment is denseiy adherent, particularly aiong the lower margin of the jaw. 1 have been 
able t o  observe on several occasions that though there had been no loss of substance-in 
some cases even an overlap-the posterior fragment with its attached periosteum and 
masseter had been carried inwards, thus determining interposition, with resulting ‘fibroiis 
union.’ 

Reverting t.o the question of contact,, i t  will be obvious that a broad area of contact 
will not be necessary to prevent connective-tissue junction between the fractured ends, 
and that a very liniited contact should be sufficient on theoreticai grounds to  determine 
firm bony union. This limited contact has, indeed, been found practically to  suffice, a 
fact which has been particularly emphasized by Sir W. Arbuthnot Lane in a recent contri- 
bution on the operative treatment of fractures in war time. 

The question of union in fractures associated with loss of substance depends o n  the 
aniount of loss, the condition of the periosteal sheath, and the presence of comminuted 
bone fragments. 

Clinically, primary loss of substance cannot occur with the periosteal sheath intact. 
Experimentally, Hey Groves has shown that, with a section of the whole bone 

removed and periosteai sheath intact, union 
rareiy occurs, and is then due to  the presence 
of bone cells adherent to  the membrane and 

EONE detached with i t  by deep stripping. It is 
suggested that in the cases with non-union, the 
periosteum played the part of ordinary connec- 

tive tissue, prolapsed into the gap and United therein (Fig. 26). I n  the cases with 
union, the periosteum per se played the part of excluding connective-tissue inva.sion from 
the exterior while the bone-forming elements on its inner surface proliferated. Bony 

In  such a case bony union may confidently be expected. 

, , 

proximity. The posterior frag- FIG. ‘25. 

This condition is illustrated in Fig. 25. 

FIG. 26. 
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contact there unquestionably was not. Continuity of bone-forming elements, with 
exclusion of alien activity, there certainly was. The beneficent part performed by the 
periosteum in the union of fractures is more frequently that of a membrane limiting and 
excluding connective tissues than a membrane limiting and including bone. 

That. bony union may occur with considerable loss of substance, not only in the 
mandible but in other bones, is clinically established beyond al1 doubt. In the mandible, 
cases have been cited by Stephens, Doubleday, and others, and many of Our own cases 
estabiish the same fact. These may well be expiained by the excluding disposition of 
the periosteum on the one hand, and by continuity of bone-forming elements attached 

to  the periosteum on the other. The bone- 
forming elements may be such as to give no 
2-ray evidence of their presence, or may exist 
in the form of demonstrable comminuted frag- 
ments. The condition may be diagrammatically 
represented as in Fig. 27. -4s Sébileau has so 

pertinently observed : " 1 have seen apparently straightforward fractures, particularly a t  
the symphysis and at  the angle, preserve their original mobility for many months-some 
of them, in fact, did not consolidate; aiid, on the other hand, fractures with widely- 
separated fragments cicatrize by means of thick and resistant bridges of osteo-fibrous 
tissue in a few weeks." 

It is because union cannot be guaranteed where no substance has been lost, because, 
conversely, union does not necessarily fail where loss of substance is considerable, and 
because the vast majority of war fractures of the mandible do not exhibit clean-cut loss, 
but rather a condition of extreme comminution, that we have from the first espoused 
and rigorously carried out the ' ideal ' treatment. 

Clinicaliy, it, is established that 
such fractures, even when compound, unite in a manner that is surprising, both as 
regards firmness and rapidity. Hey Groves, in his experimental work, has demonstrated 
this fact, and made i t  the subject of express comment. 

The remediai measures undertaken to combat non-union show clearly how predomi- 
nant are the factors previously cited. Vigorous friction of the bone ends upon one another 
is a proceeding of classical antiquity, and is frequently attended by successful results. 
Success is attained in a two-fold manner. First, the fibrous junction between the bone 
ends is broken down by mechanical force ; secondly, the real traumatic contact of the 
bone ends thus broiight about stimulates proliferation of bone-forming elements. The 
narrowest bony union thus established is increased by growth, naturally evolved in 
response to functional demands. It is obvious that full reconstitution in such a case 
is a matter of time, and it is probable that many cases of so-called delayed union are 
capable of explanation on the lines indicated. Remediai measures, however, of this 
nature can be effectua1 only where loss of bone is small and fibrous interposition corres- 
Dondingly limited. 

Where loss is considerable, the only method hitherto available whereby bony con- 
tinuity without deformity can be established is by a bone graft. In view of the ease 
with which an autoplastic graft can be obtained, and its superiority as demonstrated both 
experimentally and clinically, it will be unnecessary to consider grafts of the homoplastic 
or heteroplastic variety. That bone-grafting is established as a successful clinical pro- 
ceeding there can be no doubt. This being so, it will be pertinent to determine what are 
or are not the essential physical properties of the graft that make for success. That this 
does not depend on the presumed vitality of the tissue utilized is clearly demonstrated 
by the work of Hey Groves and Albee. Hey Groves has testified to the fact that results 
similar in nature, and differing only in degree, can be obtained by the use of boiled bone. 
He goes so far as to maintain that " a graft of dead bone (boiled), properly fixed by metal 
sutures, will give a better result than a living autogenous graft fixed by catgut alone." 
Albee has successfully utilized grafts from bone kept in coid storage. 

A great deal has been talked and written about the re-establishment on the part of 

- 

FIG. 27. 

Comminution has an important bearing on union. 
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the graft of what is loosely called ‘fresh vascular connections.’ If this means anything, 
it means that through the original vascular channels of the graft blood derived from 
neighbouring vessels circulates anew ; that the graft is nourished by such circulation 
in precisely the same way as before its original vascular connections were severed; 
and that i t  is 2s a result enabled to  preserve its individual characters as a living 
active entity. 

Considerable light is thrown on this question by consideration of the fate of free bone- 
grafts embedded in vascular tissues, by the results obtained on endeavouring to transplant 
a bony implant, and by the behaviour of free grafts of other connective tissues when used 
to remedy such defects as depressed scars. It has been established beyond cavil that the 
fate of free bone implanted into soft tissues, no matter how vascular, is gradua1 absorption 
(Phemister, Davis, McWilliams). A deliberate and conscientious attempt has been made 
by Imbert and Réal t o  remedy bony defects in the mandible by transplanting into the 
gap sections of bone previously implanted in the neighbouring soft tissues. Such attempts 
were made with the idea that the graft would be more likely to succeed after its nutrition 
had been definitely determined by the establishment of fresh vascular connections. They 
found, however, that transplantation had to be undertaken in not more than three or 
four weeks If longer tirne elapsed, the graft was found to be so softened that effective 
fixation could not be attained. In  al1 cases, the result as regards bony union was a 
complete failure. 

A similar initial attempt of my own niay be cited, undertaken at a time when my 
ideas on the subject were befogged by misapprehension, undoubtedly begotten of the 
loose phraseology employed. About eighteen months ago i t  occurred to me that trans- 
plantation of an implant would not only solve the problem associated with many bony 
defects with coincident loss of soft parts, but would permit plastic operation and bone- 
grafting to be undertaken at the same time. To this end a large section of the crest of the 
ilium, measuring twelve centimetres in length, was implanted in the neck of a patient 
whose chin had been shot away together with the greater part of the body of the jaw. 
Owing to a severe hæmatcmesis from which the patient nearly died, further operation 
was indefinitely postponed. Originally the bony mass formed a prominent projection in 
the neck. I ts  removal was decided upon owing to its marked and progressive diminution 
in size, and when removed a few weeks ago it was found to be, a t  most, one-fifth of its 
original bulk. 

Further light is shed upon this question of vascularity by observations as to the fate 
of free transplants of other connective tissues utilized to  make good defects of the soft 
parts. This measure is one that clinical experience has shown to  be successful. 1 first 
employed musculo-fascia1 grafts as a means of filling out deforming depressions on the 
face. Acting on the false assumption, as 1 
now hold, that  these grafts established fresh vascular connections, i t  seemed reasonabie 
to suppose that a small area of skin miglit be incliided in addition to  the fatty and 
aponeurotic tissues. I f  structures on which skin depends for its nutrition were included, 
and if such structures becnme vascularized from the bed in which they were implanted, 
then surely the skin should live. The time factor was considered, but the hardihood of 
skin is notorious : the growth, even. of hair long after body death has occurred is testi- 
niony to  this effect. For the first few days, except that the 
implanted skiri was somewhat blue, al1 seemed well. This blue tinge is freqiiently seen in 
pedicled fiaps, and was not, therefore, regarded as of specific importance. Gradually the 
blue deepened, a curious ‘bogginess’ became apparent on palpation, and finally the whole 
area became black, but no suppuration occurrcd. The whole mass was firmlÿ held, the 
outer surface quite dry. Shrinkage gradually occurred, but there was no attempt at 
exfoliation. It was evident that in this case there had been no establishment of fresh 
vascular connections, and in the light of i t  other cases were exadined more carefully. 
It was found that shrinkage had occurred, and that the area at the site of implant had 
assumed a hard inelastic consistency quite foreign to the substances implanted. It was 
impossible to conclude otherwise than that these free implants had been absorbed and 

Fat grafts have been used in the same way. 

The result was curious. 
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replaced. To what extent, if any, cellular proliferation had taken place in the graft, i i  
was impossible to  determine, but the ultimate result appeared certain. 

Consideration of the results obtained by the use of free transplants of soft tissues leads 
then to  the conclusion that these are absorbed and replaced, a view confirmcd in the case 
of muscle by Serafini. Additional evidence is afforded by the fact that  results equally 
successfiil have been obtained by the use of decalcified bone. The ilse of this devitalized 
absorbable material in the plastic surgery of the soft parts is exactly comparable to  the 
ilse of boiled bone t o  remedy a bony defect Bone, then, behaves like other vascular 
connective tissues, and shares a like fate when transplanted into the soft parts. The 
ciitting off of the blood-supply t o  such tissues leads t o  death in mass of the part affected. 
Death so occasioned rarely occurs in the body apart from septic processes, or accurs in 
such situations as lead at. once to  the introduction of septic factors. The only instance 
analogous to  the condition of a free aseptic graft is tha t  of infarction. Adami thus 
describes the resulting processes : “ The central dead area becomes the seat of a progressive 
formation of granulation tissue. New capillaries pass in from the surrounding vessels and 
become clothed with fibroblasts until a new connective tissue completely replaces the 
dead tissue, and then, after the nature of ncw connective tissue, undergoes pronounced 
contraction, so that  the end-result is the production of a dense depressed scar of 
firm connective tissue.” 

It is contended, therefore, that  the establishment of fresh vascular connections is 
invariably determined as the result of an  inflammatory interaction between tissues them- 
selves possessed of active circulation. Bleeding has been noticed on section of a free 
bone graft when exposed some time after implantation: injection of the limb has 
succeeded in showing in an inserted bone graft vascular channels obviously derived from 
the systemic circulation. This blood and these blood-vessels are, i t  is maintained, derived 
froin and confined t o  the invading tissues. Obviously there is a profound difference 
between vascularization by invasion and vascularization by int,ercommunication. 

That a fractured graft lias shown evidence of union by bony callus is brought forward 
as incontrovertible proof of the vitality of tha t  structure-proof, in other words, of vascu- 

larization by intercommunication. This phenomenon 
is, however, susceptible of quite another explanation. 
Invasion from the freshened bone end would occur, 
as diagrammatically shown in the upper diagram 
in Fig. 28. Fracture of the graft will liberate these 
invading elements, as shown in the lower diagam. 

p d 5 r -  : Callus will be formed from the liberated contents of 
the graft, and not at al1 from the graft itself. 

But, such happenings duly considered, there remains 
the fact that  bony continuity can be determined by 

means of a bone graft, providcd the graft is in suitable contact with the separated ends 
of the fragments. Davis has shown, however, that  if one end only of the graft is in 
contact with living bone, the same result ensues as if no such contact was established. 
A bone graft only succeeds in determining the growth of bone when i t  is in intimate 
contact a t  each end with living bone, a structure the inflammatory products of which 
have the specialized function of reproducing a like tissue from which they emanated, 
as previously noted. 

It is this intimate contact with living bone which dominates the whole field of bone- 
graft surgery : it  favours invasion of the graft by bone-forming elements derived froin the 
living mother bone, and at the same time restores to  the separated ends that st.ress which 
is the natural stimulus to  the proMeration of such elements. Osteogenesis is favoured by the 
stress imparted by the graft to  the mother bone, and not by tha t  imparted by the mother 
bone to  the graft. This view is alone reconcilable with the known fate of a graft implanted 
in soft tissues only. To reason that in the latter case atrophy takes place because the 
graft is functionless, implies a prescience on the part of that  structure that the most rabid 
teleologist would hesitate to  invoke. It woiild appear that bony continuity is established 

1.m. 28. 
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by a process aptly termed ‘creeping substitution,’ and it is tentatively suggested that this 
process is somewhat analogous to that which occurs in the regeneration of nerve fibres 
following suture of a divided peripheral nerve. As regards the relation of the graft to  thc 
soft parts, it may be safely dediiced from what has previously been stated, that  the bone 
graft succeeds not because of any action of the soft parts upon i t ,  but because of its action 
upon them, In other words, i t  prevents by continuity of mass the junction and 
organization of connective-tissue products in the gap. That continuity of mass is essential 
to success is shown by the fact that the insertion of fragmented bone does not determine 
union. This has been experimentally demonstrated by Hey Groves, Who expressed 
surprise a t  the negative result obtained. Bone dust was found to  be even more ineffectual. 
These findings are completely a t  variance with the vascular theory, confirmatory evidencc 
of the truth of which would have been afforded by an exactly opposite result ; smaller 
fragments must obviously be more easily vascularized than large. 

It is clear that  the introduction of such a devascularized body as a free bone 
graft into a septic environment will probably lead to its extrusion as a septic seqiiestrum. 
The first essential of the soft connective-tissue bed is, therefore, that it shall be free from 
frank or concealed sepsis. Al1 that is required in addition is that the tissues shall bc 
sufficiently pliable to permit nice adaptation of the graft, and sufficiently well nourished 
to maintain their vitality when sutured, and thiis prevent the introduction of sepsis 
from without. 

The bone graft, then, succeeds because it is permeable and absorbable ; because it is 
enabled by continuity of mass to  prevent organization of non-bone-forming connective 
tissues in the gap ; and because it restores the stimulus of stress to the separated bone 
ends by virtue of its solidity. I t  succeeds, in a word, by establishing exactly those 
conditions which have been shown to be necessary for union in the case of al1 fractures, 
with or withoiit displacement or loss of substance. 

No mention has been made of the periosteum, because the presence of this membrane 
is not essential to the success of a graft. Davis, in the course of an experimental investi- 
gation to  determine the relative permanence of free transplants of cartilage and bone, 
found that bone covered with periosteum was absorbed much more slowly than when 
stripped of this membrane. It would appear that periosteum included in a free trans- 
plant opposes an additional barrier to connective-tissue invasion, and with that view its 
preservation is indicated. 

The attainment of union is undoubtedly important in so far as i t  fulfils a functional 
demand. There is, however, no academic virtur in union apart from this, and therefore 
the ultimate and only test should be a functional one : in the case of the mandible, the 
patient’s ability to  masticate ordinary foods. X-ray photographs will not supply this 
necessary information. Indeed, subjective must take precedence of objective signs, 
though the latter may determine a strong prima facie case. It is precisely this persona1 
factor that renders the measure of functional disability so difficult to estimate. That 
non-union, used in the strict sense of the terni, is not incompatible with perfect function 
is as certain as that  in some cases of obviously sound bony union the ability to masticate 
hard foodstuffs is denied. Functional disability varies according to  the site of the fracture. 
I n  the ascending ramus, the nearer the fracture to  the condyle the less is the disability 
occasioned. Complete loss of the ascending ramus .properly treated, gives rise to  no 
functional disability whatever, as is evidenced by a case a t  one time under my care and 
now discharged. In the horizontal ramus, the disability increases the nearer the site of 
fracture approaches the symphysis. In  general terms i t  may be stated that if both the 
masseters maintain attachment to  one fragment, disability is relatively slight. 

This functional estimate is obviously of importance from the point of view of treatment. 
It will be the deciding factor in determining the advisability of endeavouring by open 
operation to  make good the functional defect. The extent of the functional defect and 
the improvement likely to  follow operation should be duly considered. The operative 
result would appear to  be somewhat of an unknown quantity. This is due partly to the 
distrust of such procedures which many dental surgeons display, and partly to  the 
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detached attitude sometimes assumed by surgeons in charge of such cases. The attitude 
of the surgeon fosters the distrust of the dentist, Who tends to adopt ultra-conservative 
measures, content to suffer present il1 rather than adventure worse to follow. Progress in 
this, as in many other, issues associated with war injuries of the jaw and face, has been 
retarded by lack of proper collaboration between surgeon and dentist. 

An endeavour will be made to present a fair, unbiassed account of cases of non-union 
coming under the joint care of my dental colleague, Mr. C. H. Bubb, and myself. The 
methods employed have been as follows :- 

1. PlatinB.-(a) Plating alone ; (6) Plating with interposition of fragmented bone. 
Two cases have been dealt with, the lesion in both being non-union of a fracture of 

the ascending ramus. In the one case there was but little loss of substance; in the other 
the gap, after trimming the bone ends, was one and a half centimetres. Both cases 
were splinted, and no attempt was made to establish contact. 

In the first case, a two-hole6 silver plate was used. The operation was done on 
March 9, 1917. The plate has not been removed, and gives no trouble. The use of a two- 
holed plate was inechanically unsound. Functionally, the patient is greatly improved. 
Seen on Nov. 2, he stated that he could eat crust if not too hard, and meat if not gristly. 
Partial success only is claimed for this case. 

In the second case, a four-holed silver plate was used, the gap being strewn with 
bone fragments detached from the angle of the jaw. The plate was removed, not because 
it gave trouble, but because it was hoped that further consolidation might occur. As 
regards union, this case is a complete failure. Functionally, his occlusion is perfect (he 
has an almost complete set of teeth) ; there is little or no deviation on opening the mouth ; 
his direct bite is powerful ; but the grinding movement is considerably impaired. 

Plating has a very small sphere of usefulness in ununited fractures of the mandible, 
owing to the fact that necessary contact cannot be secured without traction. Wire is 
difficult to use with fractures of the ascending ramus, owing to the fact that the deep 
aspect of the fragments is so inaccessible. It is an open question whether fractures a t  or 
above the middle of the ramus are not better left alone. If operation is decided on, a 
bone graft should be used if the defect is considerable. If the defect is very small, contact 
should be established by the plate-wire method described later. 

2. Wiring.-(a) Buccal cavity opened ; (6) Buccal cavity not cntered. 
It sometimes happens that in 

cases of old mal-union with con- 
siderable deformity, the only possi- 
ble method of dealing with the 

PIG. 29. 

fragments is to wire them irnmedi- 
ately. The mouth cavity is neces- 
sarily opened in the course of 
reduction, but the risk in siich a 
case is Worth taking. Only once, 

FIG. 20. 

in my experiencr, has such a course bcen necessary. The wire was removed subsequently. 
The functional result is perfect. 
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Cases suitable for wiring by the ordinary aseptic technique are those in which there 
is little or no loss of substance. As has been pointed out, these fractures occur in the 
neighbourhood of the angle. The posterior fragment is left free. The anterior fragment, 
if not edentulous, is splinted in correct alinement. When the lower jaw is edentulous no 
splint is used. Cases have been treated in this way with consistent success. Where wiring 
is practicable, success may reasonably be regarded as certain. The difficulty in wiring 
is to avoid opening the mouth while clearing the deep aspect of the fragments to permit 
the passage of drill and wire. 1 have lately devised and used a conibined plate and wire 
method. the mode of application of which is illustrated in Fig. 29. The plates are first 
screwed into the fragments. The wire is then passed under their upturned outer ends. 
Traction on the wire brings the fragments into contact, and the wire is then twisted. 
Fig. 30 shows the plates and wire in situ. 

3. Bone-Grafting.-(a) Free autoplastic ~graft ; ( 6 )  Pedicled graft. 
The position of the bone graft is the most vexed of al1 the problems associated with 

fractures of the mandible. Little enough has been written as to the success attending 
the use of bone grafts to remedy defects in the long bones. Still smaller are the available 
data with regard to its application to the mandible. Albee claims 100 per cent of successes. 
but his work is largely concerned with the treatment of recent fractures and the correc- 
tion of spinal deformity. It is quite certain that nothing like this proportion of successes 
can be claimed when the object in view is the reconstitution of a bone which has suffered 
loss involving its whole thickness. As regards the mandible, the scantincss of effort, or 
a t  least the scantiness of success, may be judged by consulting the records of recent meet- 
ings. At the annual meeting of the British Dental Association in London, Jiine, 1916, 
a special session was set apart for the consideration of this subject. No opening paper 

At the Medical 
Society of London, in December, 1917, the question was dealt with in a general way by 
Captain Kelsey Fry, but no details were given such as might lead to the estimate of 
results. This is scarcely to  be wondered at when it is considered that only three or four 
out of one hundred cases with fractured mandibles either demand or are suitable for a 
bone graft, and also that months must elapse before the final result can be estimated. 
Rve reported five cases without indicating the results obtained. McWilliams, reporting 
six cases, urges that repeated operations may be required, and should be persisted in till 
the desired result is attained ; with that view 1 heartily agree. Lindemann has published 
a series numbering no less than 282 ; this colossal contribution suggests that  the writer 
must have access to  an enormous number of patients, or that the percentaye of non- 
union must be very high. So extensive is the ground covered, and such is the time 
required to  treat effectively the numerous lesions grouped under the heading of war 
injuries to the face and jaws, that  concentration as regards cases of non-union might 
well be resorted to with good results. 

There are certain peculiar difficulties associated with grafting in fractures of the 
mandible. The exposure of the fragments is always attended with a certain danger of 
opening the mouth. It has only happened to me 
once, and the operation was then promptly abandoned. The relatively small size of the 
bone, especially in old fractures, and the nccessarily restricted area in which to  work, are 
difficulties much more formidable. Elaborate dovetailing is practically impossible, and 
1 feel sure that people Who reproduce diagrams illustrating such a procedure can never 
have attempted the operation on the living subject. 

The necessity for the employment of a free graft presupposes loss of tissue of some 
extent. Such loss is frequently associated with coincident damage to the soft parts, with 
the formation of a buccal fistula of varying dimensions. The possibility that a graft may 
be required must be borne in mind from the time treatment is begun. The necessary 
plastic operation must first be performed. This includes closing the fistula and elevating 
the soft parts, to prevent their adhesion to the bone in the neighbourhood of the gap, and 
to provide a sufficient thickness of soft parts to accommodate the graft. The procedure 
will best be illustrated bg the consideration of a concrete case. Fig. 31 shows the condition 

. was read, because no one could be found willing to undertake the task. 

This danger is, 1 think, exaggerated. 
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of a patient immediately before the plastic operation was undertaken. 
~ ü s  adapted to  retain the fragments in correct position. 
was then obtained by free reflection of the soft parts. 

A suitable splint 
A wide exposure of the area 

The ends of the fragments were 

FIGS. 31 aiid 3?.-I’atieiit before the plastic operatioii aiid sfter recovery from plastic opera~ioii, 
aiid beiore iiisertioii of the gmft. 

exposed, and the mucous membrane of the floor of the moiith was dissected up and United 
to  the mucous membrane of the cheek. Under cover of this the bone ends were shut off 
from the buccal eavity, and between them was inserted a piece of decalcified bone. The 
soft parts on the outer aspect of the bone 
were brought together in such a way as to  
raise the corner of the mouth. Counter- 
drainage through a stab wound was estab- 

TIC. 33. I‘IG. 34. 

lished. Nutrition was promoted by radiations and mas- 
sage, and the patient is now ready for the insertion of the graft (Pig. 82). I n  order to  
eliminate the possibility of infection from latent sources of sepsis an interval of three 
months is allowed to  elapse in such a case before the grafting operation is undertaken. 

The parts healed uneventfully. 
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The technique of this operation is as follows: Two or three days previously, upper 
and lower cast-metal cap-splints are cemented in place. These splints are provided with 
bilateral overlapping threaded flanges which, when fixed together by screws, determine 

the position of the fragments 
in correct alinement (Fig.  33). 
When the patient is on the 
operating table these screws are 
removed, allowing the mouth to 
be freely opened for the passage 
of the intratracheal catheter. 
As soon as the cathetcr is passed, 
the screws are replaccd. It will 
be noticed that the jaws so 
disposed are in the open bite 
position. This position is essen- 

YIG. 30. 

tial if intratracheal methods are employed. The 
anæsthetist is then isolated from the operation 
area (Fig. 34). A curved skin incision extend- 
ing well into the neck is now made, and a flap 
turned up to expose the site of the fracture 
(Fig. 35). Bleeding vessels a,re ligatured and 
towels clipped to the skin margins. The ends 
of the fragments are then exposed, cleared, freshened, and shaped for the reception of 
the graft (Fig. 36). The graft, taken as a rule from the tibia, is now cut, the length 
and shape being determined by the use of calipers and a pattern cut in sheet lead. 

The plates are screwed to the graft 
before the detaching cross-cuts are 
made (Figs. 37, 38). The graft with 
detached plates is then transferred 

FIG. 38. FJC. 37. 

to its destined site and fixed in the gap by two screws attaching each plate to the cor- 
responding fragment of the fractured mandible (Fig. 39), and the wound sewn up (Figs. 
40, 41). A similar technique is adopted when rib is employed (Figs. 42, 43). 
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We have always acted on the assumption that fixation of the fragments and fixation 
of the graft are conditions essential to succcss. A considerable experience in the operative 
treatment of fractures of the long bones by metallic fixation entirely negatives the view 

PIC. 39. PIG. 40. 

that any serious impediment to osteogenesis is occasioned by metal used in this way. 
This view is strongly supported by Sir W. Arbuthnot Lane and Major Hey Groves. 

The latter, in his Jacksonian Prize 
Essay, concludes as regards the 
reaction of living bone to metallic 
suture or pins, that “ the  living 
bone is not prevented from osteo- 
genesis by their presence.” 

Hey Groves also maintains 
that absorbable ligatures afford no 
fixation in the real sense of the 
word, becoming softened in a few 
hours and yielding to auy strain. 
With these conclusions my own 
experience is in entire accord. 

\ 

-.- 
FIO. 41. 

Efficient fixation there must be. 
metal plates or wires, so much the better. 

I f  it can be attained by means other than the use of 
In certain situations and iinder certain 
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conditions it is possible to  fix a graft by wedging, with the assurance that siich fixation 
will be adequately maintained. There are, however, a large number of cases in which 
such fixation is totally impossible. It 
will be shown that the success of the 
graft is in no Wise jeopardized by the 
use of metal plates. 

The procedure as regards the 
treatment of the periosteum has varied. 
Where tibia has been used, no attempt 
has been made to  preserve the peri- 
osteum. On the rare occasions wheri 
a rib has been deemed more suitable, 
the periosteum has been retained on 
the outer aspect. As far as is known, 
no difference in behaviour has been 
determined by the presence or absence 
of this membrane. 

Ten cases have been operated on 
by the use of free grafts in the manner 
described. The length of the graft has 
varied from 34 to 73 centimetres. In  
two cases suppuration occurred with 
subsequent extrusion of the whole 
graft. I n  both cases insecurity of 
fixation was the causative factor. In 
one case the electric motor broke down, 
necessitating the use of the hand drill ; 
the splint was thereby strained to  such 
an extent that in a few days it gave way, thus allowing free play to  the previously fixed 
posterior fragment Even in these cases, however, the ares of the gap has been con- 

siderably diminished by the growth of 
a new bone. In one case wiring has 
been rendered practicable, as 1 know 
from direct inspection of the fragments. 
The other case can now be dealt witli 
by means of a pedicled graft, owing to 
diminution in the size of the gap. In  
three of the remaining eight cases 
localized infection has occurred. In 
one the tissues overlying the graft 
were very badly nourished, and a sinus 
developed several weeks after opera- 
tion. In the other two cases lobules 
of the parotid were wounded in expos- 
ing a very deeply placed posterior 
fragment ; salivary fistulæ with inevit- 
able infection occurred ; in neither 
case has infection determined failure. 

In three of these cases sufficient 
time has elapsed since operation-ten 
to twelve months-to permit a just 
assessment t o  be made of the results 
obtained. Of five cases, then, whose 

fate is known, three have been completely successful. Of the remaining five, progress 
has been siich, as compared with known successes. that at the very minimum a percentagc 

FIG. 44. 

FIG. 45. 
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success of GO is assiired. It must be empliasized that the failures occurred in the cadiest 
cases, and are ascribable t o  known caiises. Every casc subjected to  grafting lias bcen one 
presenting a condition of floating non-union, and no selection whatever has been exercised. 

Figs. 44, 45, 46, are characteristic r-ray photographs showing the condition beforc, 
during, and after treatment ; the plates werc removed as soon as bony continiiity had 

been establislied. In  Fig. 47 anotlicr 
case is illustrated ; firm contiiiiiity 
lias been established, with a perfert 
articulation ; the patient has beeii 
disctiarged witli plates and screws 
i r a  situ.  

Pedicled Grufk-It is obvioiis 
that  the use of free grafts is open t o  
many forceful objections. Thc praft 
consists of a devascularized fragnicnt ; 
its exact niode of action is for this 
very reason not definitely settled, in 
spite of al1 endeavours at elucidation ; 
for this reason, too, i t  is peculiarly 
susceptible t o  sepsis. The employ- 
ment of bone possessing its own 
independent blood-supply is infinitely 
preferable on practical and theoretical 
grounds. Theoretically, becaiisc no 
doubts can arise as to its mode of 
action. Practically, because resiilts 
will be more certain and more rapid. 
These advantages will accrue provided 

coincident disadvantages do  not outweigh them. The pedicled graft has been employcd 
in the case of the limbs, and occasionally t o  make good defects in the jaw. I n  the 
latter case, clavicle, sternum, and rib have been utilized, the pedicle being plannecl 
according to the source of the graft and the position of the defect. I n  addition, small 
fragments of the jaw itself pedicled on periosteum have been employed ; it  is obvioris 
that  the applicability of this procediire miist be very limited, and it scarcely deserves t o  
rank in the category of pedicled 
kmafts. Owing t o  technical and 
other difficulties, these operations 
have not found favour. Hey Groves, 
discussing this question, says : ‘‘ In  
general terms it may be said tha t  
these elaborate pedicle operations 
are obsolete. They al1 involve very 
grave disadvantages.” 

The appeal of the pedicled 
graft, however, as a sound surgical 
measiire cannot be denied. My 
attention hati been constantly direc- 
ted to the remarkable way in whicli 
union occurred in coinniinuted frac- 
tiires of the iiiandible. Particularly 
striking were a series of cases in which a large fragment of the basal margin was 
apparently completely detached. So consistent were the results, that  union could ron- 
tidently be predicted in such a case even wlien considcrable losv had occiirred in the 
overlying parts of the bone. A consideration of the anatomy of this portion of the bonc 
(or, to  be acciirate, tha t  portion lying in front of the masseter) showed that to its lower 

PIC. 46. 

1.x;. 47. 
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margin was attached the deep cervical fascia, to  its outer surface the platysma, t o  its 
inner surface near the symphysis the anterior belly of the digastric. It seemed clear, 
both on clinical and anatomical grounds, that  this portion could be detached and 
utilized as a pedicled graft. The first operation carried ont on these lines was performed 
in June, 1917. The feasibility 
of the procedure was clearly 
demonstrated. Other opera- 
tions of this nature have 
followed, and improvements 
in technique have been 
evolved. Months must elapse 
before errors are demonstra- 
ted, and before i t  can be 
determined whether or not 
remedial measures have suc- 
ceeded. 

In  my first cases, contact 
between the pedicled graft 
and the freshened fragments 
was maintained by absorb- 
able sutures, first catgut and 
then kangaroo tendon. It 
was foiind that  union of the 
graft with the posterior frag- 
ment had failed owing t o  the 
pull of the muscular pedicle. 
been again exposed. 
escape detection. 
graft and fragment were refreshened and wired together (Fig. 48). 
secondary operation of this nature miist diminish the chances of complete success. 

FE. 18. 

In  three cases exhibiting this defect the fracture area has 
Union of the graft with the anterior fragment was so perfect as to  

The 
It is obvious that a 

Posteriorly, fragment and graft were separated by fibrous tissue. 

'Y 
\ 

To remedy this error in 
technique, contact is now 
maintained by means of silver 
wire. The procedure is as 
follows. The skin incision is 
made extending well into the 
neck, reaching a lower level 
in front than behind (Fig. 49). 
A flap consisting of skin only 
is raised t o  the requisite level. 
The posterior fragment is 
thoroughly exposed. The ex- 
tremity only of the anterior 
fragment is exposed, so that  
the extent of the gap may be 
gauged. An incision is now 
made through the soft parts 
clothing the outer aspect of 
the anterior fragment. at a u 

level~immediately below the buccal sulcus. The basal margin of this portion of the jaw 
is then sawn off (Fig. 50). The periosteum on the inner aspect of the fragment is 
incised. Lateral incisions through platysma and deep fascia are made t o  define the 
pedicle, which is then gently dissected from the underlying structures. The graft 
is thus freed to  an  extent sufficient to  allow easy adaptation in its new position. The 
posterior fragment is now freshened to  provide as broad a surface of contact as possible. 
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Anterior and posterior fragments are then drilled for the passage of a fine silver wire (Pig .  
51). The wires are passed through the pedicle, surround the graft, and, when tightened 
and twisted, ensure snug contact between graft and freshened fragments (Fig. 52). The 
soft parts are brought together with a few catgut sutures, and the skin sewn up (Fig. 53). 
A drainage tube is inserted and retained for twenty-four hours. Figs. 54 and 55 illustrate 
a case thus dealt with. It is scarcely necessary to add that the same type of splint is 
utilized as for a free graft. 

The employment of such a pedicled graft to remedy defects in the mandible is, so far 
as 1 am aware, an entirely novel procedure. 1 have succeeded in thus detaching a thick 

PIC. 50. FIG. 51. 

well-nourished boiie fragment, measuring 34 centimetres in length. The vast majority 
of ununited fractures occur on the lateral aspect of the mandible, and rarely exhibit a gap 
exceeding 3 centimetres in length. This operation, then, enjoys a wide range of applica- 
bility, and constitutes, 1 submit, a considerable addition to the methods of treatment a t  
ouï disposai. 1 have not as yet employed bilateral pedicled fragments as a means of 
remedying non-union at  the symphysis, but shall certainly do so when occasion arises. 
Free grafts are now used only in cases where the gap is too wide to be bridged by a 
pedicled graft. 

I'IC. b2. ?IC.  53. 

Eight cases have been dealt with in the manner above detailed. In four of these 
absorbable sutures were employed, and three of these, as before stated, needed a second 
operation. In the last four cases contact was maintained by wire sutures. In one 
only has there been the slightest trace of sepsis. In this case some latent source of sepsis 
must. have been encountered inadvertently. Considerable swelling occurred, with discharge 
of blood-stained pus into the mouth, soon followed by the subsidence of al1 symptoms. 
The wound in the neck was not affected. 

To siich an extent is 
this so, that in cases with non-union amenable to treatment by means of a pedicled graft 
success can be practically guaranteed. The first case of the series is not claimed as a com- 
plete success, but the causes of failure, as before noted, have been recognized and remedied. 

The results obtained by this method are rapid and certain. 
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The results obtaiiied by the operative treatment of non-union may be concisely siim- 
mnrized thus. There were 30 cases* 
subjected t o  operation ; in 2 of these 
the operation was abandoned as 
impracticable. Of the remaining 28 
caqes, 10 have been operated on too 
recently to  permit of any definite 
statement as to  the results obtained. 
Of the 18 cases whose fate is known, 
1 3  have been completely successful, 
2 considerably improved, while the 
othcr 3 must be regarded as failures. 
It will thus be seen that the 
successes are over 70 per cent. 

There has been no mortnlity, 
and post-anaesthetic complications 
have been entirely absent. In  al1 
but two cases ether lias been admin- 
istered by intratracheal insufflation, 
and the uneventfiil convalescence is 
entirely attributable t o  the sltill es- 
hibited in administration by Dr. 
Francis Shipway and Mr. Ranisey 
I'hillips. PIG. 5-L, 

The results are such, in a 
word, as to  justify the conclu- 
sion that no patient so afflic- 
ted should be discharged until 
operation has not only been 
offered to but urged upon him. 
The functional disability as- 
sociated with ununited frac- 
ture of the mandible is an  
unnecessary disability in most 
cases. It is a blot iipon the 
escutcheon of siirgery which 
we, if we be worthy devotees 
of the art, must determine 
t o  remove. 

~ ~~~~~~ ~~ ~ ~ . . ~~ 
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